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SEMICONDUCTOR DEVICE AND METHOD
FOR MANUFACTURING SAME

RELATED APPLICATIONS

This application is a Continuation of U.S. application Ser.
No. 13/985,552 filed Aug. 14, 2013, which is the U.S.
National Phase under 35 U.S.C. §371 of International Appli-
cation No. PCT/IP2012/054036, filed on Feb. 21, 2012,
which in turn claims the benefit of Japanese Patent Applica-
tion No. 2011-061018, filed on Mar. 18, 2011, the disclosures
of which Applications are incorporated by reference herein.

TECHNICAL FIELD

The present invention relates to a semiconductor device
and a method for manufacturing the same, and particularly to
a semiconductor device with a field effect transistor having a
high breakdown voltage and a method for manufacturing
such a semiconductor device.

BACKGROUND ART

A semiconductor device with a field effect transistor hav-
ing a high breakdown voltage is used as an IC (Integrated
Circuit) for controlling an LED (Light Emitting Diode) or an
IC for controlling a power supply. As such a field effect
transistor having a high breakdown voltage, an N channel-
type field effect transistor with an N type well that is applied
to a high voltage-side (high-side) will now be described.

An N type well is formed over a prescribed depth from a
main surface of a semiconductor substrate (P type), and a P
type well is formed in the N type well over a prescribed depth
from a surface thereof. An N type source region is formed in
the P type well over a prescribed depth from a surface thereof.
N type drain region is formed to surround the P type well in a
prescribed region of the N type well at a distance from the P
type well, over a prescribed depth from a surface thereof. On
a portion of the P type well and a portion of the N type well
lying between the source region and the drain region, a gate
electrode is formed with a gate insulating film interposed
therebetween.

Moreover, a P type back gate contact region is formed in
the P type well over a prescribed depth from a surface thereof,
in order to keep the threshold voltage that is to be applied to
the gate electrode for forming a channel, at a constant level.
Within the P type well, N type source regions and P type back
gate contact regions are arranged alternately in one direction
(gate width direction).

In the N channel-type field effect transistor described
above, when a voltage equal to or higher than the prescribed
threshold voltage is applied to the gate electrode, a channel is
formed in a portion of the P type well situated directly below
the gate electrode, which causes a current to flow from the
source toward the drain. Examples of documents disclosing
field effect transistors having high breakdown voltages
include Japanese Patent [Laying-Open No. 05-267652 (Patent
Document 1), Japanese Patent Laying-Open No. 2008-10628
(Patent Document 2), and Japanese Patent Laying-Open No.
11-307763 (Patent Document 3).

CITATION LIST
Patent Document
PTD 1: Japanese Patent Laying-Open No. 05-267652

PTD 2: Japanese Patent Laying-Open No, 2008-10628
PTD 3: Japanese Patent Laying-Open No. 11-307763
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2
SUMMARY OF INVENTION

Technical Problem

Such conventional semiconductor devices, however, had
the following problem. In a field effect transistor, an N-im-
purity region having an impurity concentration lower than
that of an N type impurity region is formed to surround the N
type impurity region in each of the source region and the drain
region, in order to provide measures against hot carriers and
alleviate an electric field.

Although the impurity concentration of this N-impurity
region is lower than that of the P type back gate contact
region, the N-impurity region is formed to reach a position
deeper than the back gate contact region. The N-impurity
region is thus positioned as a high-resistance region between
the P type back gate contact region and the P type well region.
Therefore, even if a voltage of 0V is applied to the back gate
contact region in an attempt to fix the potential of the P type
well to 0V, the potential of the P type well may float.

Ifthe potential of the P type well floats, when a prescribed
voltage is applied to the gate electrode of the N channel-type
field effect transistor and a high voltage is applied to the drain
electrode, a parasitic bipolar transistor may operate in which
the N type source region serves as an emitter, the P type back
gate contact region as a base, and the N type drain region as a
collector. This causes a sharp increase in the drain current,
which may lead to junction destruction.

The present invention was made to solve the above-de-
scribed problem. An object of the invention is to provide a
semiconductor device in which junction destruction caused
by a parasitic bipolar transistor is suppressed, and another
object is to provide a method for manufacturing such a semi-
conductor device.

Solution to Problem

A semiconductor device according to one embodiment of
the present invention includes a semiconductor substrate of a
first conductivity type having a main surface, a first impurity
region of a first conductivity type, a second impurity region of
a second conductivity type, a third impurity region of the
second conductivity type, a fourth impurity region of the first
conductivity type, a fifth impurity region of the second con-
ductivity type, and an electrode portion. The first impurity
region of the first conductivity type is formed over a pre-
scribed depth from the main surface of the semiconductor
substrate, and has a first impurity concentration. The second
impurity region of the second conductivity type is formed
over a prescribed depth from a surface of the first impurity
region to be surrounded by the first impurity region on side
and lower portions, and has a second impurity concentration.
The third impurity region of the second conductivity type is
formed over a prescribed depth from a surface of the second
impurity region to be surrounded by the second impurity
region on side and lower portions, and has a third impurity
concentration higher than the second impurity concentration.
The fourth impurity region of the first conductivity type is
formed over a prescribed depth from the surface of the first
impurity region to be surrounded by the first impurity region
on side and lower portions and in direct contact with the first
impurity region, and has a fourth impurity concentration
higher than the first impurity concentration. The fifth impu-
rity region of the second conductivity type is formed over a
prescribed depth from the main surface of the semiconductor
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substrate at a distance from the first impurity region. The
electrode portion is formed on a region lying between the
second impurity region and the fifth impurity region. A plu-
rality of the fourth impurity regions are formed. The plurality
of' the fourth impurity regions are arranged at a distance from
one other in a direction intersecting with a direction of current
that is allowed to flow between the second impurity region
and the fifth impurity region by application of a prescribed
voltage to the electrode portion.

A semiconductor device according to another embodiment
of'the present invention includes a semiconductor substrate of
afirst conductivity type having a main surface, a first impurity
region of a first conductivity type, a second impurity region of
a second conductivity type, a third impurity region of the
second conductivity type, a fourth impurity region of the first
conductivity type, an isolation region, a fifth impurity region
of'the second conductivity type, and an electrode portion. The
first impurity region of the first conductivity type is formed
over a prescribed depth from the main surface of the semi-
conductor substrate, and has a first impurity concentration.
The second impurity region of the second conductivity typeis
formed over a prescribed depth from a surface of the first
impurity region to be surrounded by the first impurity region
on side and lower portions, and has a second impurity con-
centration. The third impurity region of the second conduc-
tivity type is formed over a prescribed depth from a surface of
the second impurity region to be surrounded by the second
impurity region on side and lower portions and in direct
contact with the first impurity region, and has a third impurity
concentration higher than the second impurity concentration.
The fourth impurity region of the first conductivity type is
formed over a prescribed depth from the surface of the first
impurity region to be surrounded by the first impurity region
on side and lower portions, and has a fourth impurity concen-
tration higher than the first impurity concentration. The iso-
lation region is formed between the third impurity region and
the fourth impurity region to electrically isolate the third
impurity region and the fourth impurity region from each
other. The fifth impurity region of the second conductivity
type is formed over a prescribed depth from the main surface
of the semiconductor substrate at a distance from the first
impurity region. The electrode portion is formed on a region
lying between the second impurity region and the fifth impu-
rity region.

A method for manufacturing a semiconductor device
according to one embodiment of the present invention
includes the following steps. A semiconductor substrate of a
first conductivity type having a main surface is prepared. A
first impurity region of the first conductivity type having a
first impurity concentration is formed over a prescribed depth
from the main surface of the semiconductor substrate. A
second impurity region of a second conductivity type having
a second impurity concentration is formed over a prescribed
depth from a surface of the first impurity region to be sur-
rounded by the first impurity region on side and lower por-
tions. A third impurity region of the second conductivity type
having a third impurity concentration higher than second
impurity concentration is formed over a prescribed depth
from a surface of the second impurity region to be surrounded
by the second impurity region on side and lower portions. A
fourth impurity region of the first conductivity type having a
fourth impurity concentration higher than the first impurity
concentration is formed over a prescribed depth from the
surface of the first impurity region to be surrounded by the
first impurity region on sick and lower portions and in direct
contact with the first impurity region. A fifth impurity region
of the second conductivity type is formed over a prescribed
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depth from the main surface of the semiconductor substrate at
a distance from the first impurity region. An electrode portion
is formed on a region lying between the second impurity
region and the fifth impurity region. In the step of forming the
second impurity region, the second impurity region is formed
by obliquely implanting an impurity of the second conduc-
tivity type into the surface of the semiconductor substrate
with a prescribed implantation mask being interposed ther-
ebetween. In the step of forming the fourth impurity region, a
plurality of the fourth impurity regions are formed at a dis-
tance from one another in a direction intersecting with a
direction of current that is allowed to flow between the first
impurity region and the fifth impurity region by application of
a prescribed voltage to the electrode portion.

A method for manufacturing a semiconductor device
according to another embodiment of the present invention
includes the following steps. A semiconductor substrate of a
first conductivity type having a main surface is prepared. A
first impurity region of the first conductivity type having a
first impurity concentration is formed over a prescribed depth
from the main surface of the semiconductor substrate. A
second impurity region of a second conductivity type having
a second impurity concentration is formed over a prescribed
depth from a surface of the first impurity region to be sur-
rounded by the first impurity region on side and lower por-
tions. A third impurity region of the second conductivity type
having a third impurity concentration higher than the second
impurity concentration is formed over a prescribed depth
from a surface of the second impurity region to be surrounded
by the second impurity region on side and lower portions. A
fourth impurity region of the first conductivity type having a
fourth impurity concentration higher than the first impurity
concentration is formed over a prescribed depth from the
surface of the first impurity region to be surrounded by the
first impurity region on side and lower portions and in direct
contact with the first impurity region. An isolation region that
electrically isolates the third impurity region and the fourth
impurity region from each other is formed between the third
impurity region and the fourth impurity region. A fifth impu-
rity region of the second conductivity type is formed Over a
prescribed depth from the main surface of the semiconductor
substrate at a distance from the first impurity region. An
electrode portion is formed on a region lying between the
second impurity region and the fifth impurity region.

Advantageous Effects of Invention

In each of the semiconductor devices according to one
embodiment and another embodiment of the present inven-
tion, operation of a parasitic bipolar transistor is suppressed,
and junction destruction can be prevented.

With each of the methods for manufacturing a semicon-
ductor device according to one embodiment and another
embodiment of the present invention, a semiconductor device
can be easily manufactured in which operation of a parasitic
bipolar transistor is suppressed and junction destruction can
be prevented.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a circuit diagram showing an example of a con-
nected form of field effect transistors in a semiconductor
device according to each embodiment of the present inven-
tion.

FIG. 2 is a plan view of a semiconductor device according
to a first embodiment of the present invention.
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FIG. 3 is a cross-sectional view along a cross-sectional line
III-1IT shown in FIG. 2 in the first embodiment.

FIG. 4 is a cross-sectional view along a cross-sectional line
IV-IV shown in FIG. 2 in the first embodiment.

FIG. 5 is a cross-sectional view along a cross-sectional line
V-V shown in FIG. 2 in the first embodiment.

FIGS. 6 (A) to (C) are cross-section views showing one
step of a method for manufacturing the semiconductor device
in the first embodiment, wherein FIG. 6 (A) is a cross-sec-
tional view along a cross-sectional line corresponding to
cross-sectional line III-I1I shown in FIG. 2, FIG. 6 (B) is a
cross-sectional view along a cross-sectional line correspond-
ing to cross-sectional line V-V shown in FIG. 2, and FIG. 6
(C) is a cross-sectional view along a cross-sectional line
corresponding to cross-sectional line IV-IV shown in FIG. 2.

FIGS.7 (A)to (C)are cross-sectional views showing a step
performed after the step shown in FIG. 6 in the first embodi-
ment, wherein FIG. 7 (A) is a cross-sectional view along a
cross-sectional line corresponding to cross-sectional line I11-
1T shown in FIG. 2, FIG. 7 (B) is a cross-sectional view along
a cross-sectional line corresponding to cross-sectional line
V-V shown in FIG. 2, and FIG. 7 (C) is a cross-sectional view
along a cross-sectional line corresponding to cross-sectional
line IV-1V shown in FIG. 2.

FIGS. 8 (A) to (C) are cross-sectional views showing a step
performed after the step shown in FIG. 7 in the first embodi-
ment, wherein FIG. 8 (A) is a cross-sectional view along a
cross-sectional line corresponding to cross-sectional line I11-
1T shown in FIG. 2, FIG. 8 (B) is a cross-sectional view along
a cross-sectional line corresponding to cross-sectional line
V-V shown in FIG. 2, and FIG. 8 (C) is a cross-sectional view
along across-sectional line corresponding to cross-sectional
line IV-1V shown in FIG. 2.

FIGS.9 (A)to (C)are cross-sectional views showing a step
performed after the step shown in FIG. 8 in the first embodi-
ment, wherein FIG. 9 (A) is a cross-sectional view along
across-sectional line corresponding to cross-sectional line
III-1IT shown in FIG. 2, FIG. 9 (B) is a cross-sectional view
along a cross-sectional line corresponding to cross-sectional
line V-V shown in FIG. 2, and FIG. 9 (C) is a cross-sectional
view along a cross-sectional line corresponding to cross-
sectional line IV-IV shown in FIG. 2.

FIGS. 10 (A) to (C) are cross-sectional views showing a
step performed after the step shown in FIG. 9 in the first
embodiment, wherein FIG. 10 (A) is a cross-sectional view
along a cross-sectional line corresponding to cross-sectional
line III-I1T shown in FIG. 2, FIG. 10 (B) is a cross-sectional
view along a cross-sectional line corresponding to cross-
sectional line V-V shown in FIG. 2, and FIG. 10 (C) is a
cross-sectional view along a cross-sectional line correspond-
ing to cross-sectional line IV-IV shown in FIG. 2.

FIGS. 11 (A) to (C) are cross-sectional views showing a
step performed after the step shown in FIG. 10 in the first
embodiment, wherein FIG. 11. (A) is a cross-sectional view
along a cross-sectional line corresponding to cross-sectional
line ITI-I1T shown in FIG. 2, FIG. 11 (B) is a cross-sectional
view along a cross-sectional line corresponding to cross-
sectional V-V shown in FIG. 2, and FIG. 11 (C) is a cross-
sectional view along a cross-sectional line corresponding to
cross-sectional line IV-IV shown in FIG. 2.

FIGS. 12 (A) to (C) are cross-sectional views showing a
step performed after the step shown in FIG. 11 in the first
embodiment, wherein FIG. 12 (A) is a cross-sectional view
along a cross-sectional line corresponding to cross-sectional
line III-I1I shown in FIG. 2, FIG. 12 (B) is a cross-sectional
view along a cross-sectional line corresponding to cross-
sectional line V-V shown in FIG. 2, and FIG. 12 (C) is a
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cross-sectional view along a cross-sectional line correspond-
ing to cross-sectional line IV-IV shown in FIG. 2.

FIG. 13 is a plan view of a semiconductor device according
to a comparative example.

FIG. 14 is a cross-sectional view along a cross-sectional
line XIV-XIV shown in FIG. 13.

FIG. 15 is a cross-sectional view along a cross-sectional
line XV-XV shown in FIG. 13.

FIG. 16 is a cross-sectional view along a cross-sectional
line XVI-XVI shown in FIG. 13.

FIG. 17 is a graph showing an impurity concentration
profile for illustrating a problem in the semiconductor device
according to the comparative example.

FIG. 18 is a cross-sectional view showing a parasitic bipo-
lar transistor for illustrating the problem in the semiconductor
device according to the comparative example.

FIG. 19 is a graph showing results of measurement of drain
voltage and drain current for illustrating the problem in the
semiconductor device according to the comparative example.

FIG. 20 is a graph showing results of measurement of drain
voltage and drain current in the first embodiment.

FIG. 21 is a plan view of a semiconductor device according
to a second embodiment of the present invention.

FIG. 22 is a cross-sectional view along a cross-sectional
line XXII-XXII shown in FIG. 21 in the second embodiment.

FIG. 23 is a cross-sectional view along a cross-sectional
line XXIII-XXIII shown in FIG. 21 in the second embodi-
ment.

FIG. 24 is a cross-sectional view along a cross-sectional
line XXIV-XXIV shown in FIG. 21 in the second embodi-
ment.

FIG. 25 is a plan view of a semiconductor device according
to a third embodiment of the present invention.

FIG. 26 is a cross-sectional view along a cross-sectional
line XXVI-XXVI shown in FIG. 25 in the third embodiment.

FIG. 27 is a cross-sectional view showing one step of a
method for manufacturing the semiconductor device in the
third embodiment, and is a cross-sectional view along a cross-
sectional line corresponding to cross-sectional line XXVI-
XXVI shown in FIG. 25.

FIG. 28 is a cross-sectional view showing a step performed
after the step shown in FIG. 27 in the third embodiment, and
is a cross-sectional view along a cross-sectional line corre-
sponding to cross-sectional line XX VI-XXVI shown in FIG.
25.

FIG. 29 is a cross-sectional view showing a step performed
after the step shown in FIG. 28 in the third embodiment, and
is a cross-sectional view along a cross-sectional line corre-
sponding to cross-sectional line XX VI-XXVI shown in FIG.
25.

FIG. 30 is a plan view of a semiconductor device according
to a fourth embodiment of the present invention.

FIG. 31 is a cross-sectional view along a cross-sectional
line XXXI-XXXI shown in FIG. 30 in the fourth embodi-
ment.

FIG. 32 is a cross-sectional view along a cross-sectional
line XXXII-XXXII shown in FIG. 30 in the fourth embodi-
ment.

FIG. 33 is a cross-sectional view along a cross-sectional
line XXXIII-XXXIIT shown in FIG. 30 in the fourth embodi-
ment.

FIG. 34 is a cross-sectional view showing one step of a
method for manufacturing the semiconductor device in the
fourth embodiment, wherein FIG. 34 (A) is a cross-sectional
view along a cross-sectional line corresponding to cross-
sectional line XXXI-XXXI shown in FIG. 30, FIG. 34 (B) is
a cross-sectional view along a cross-sectional line corre-
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sponding to cross-sectional line XXXII-XXXII shown in
FIG. 30, and FIG. 34 (C) is a cross-sectional view along a
cross-sectional line corresponding to cross-sectional line
XXXIN-XXXIIT shown in FIG. 30.

FIGS. 35 (A) to (C) are cross-sectional views showing a
step performed after the step shown in FIG. 34 in the fourth
embodiment, wherein FIG. 35 (A) is a cross-sectional view
along a cross-sectional line corresponding to cross-sectional
line XXXI-XXXI shown in FIG. 30, FIG. 35 (B) is a cross-
sectional view along a cross-sectional line corresponding to
cross-sectional line XXXII-XXXII shown in FIG. 30, and
FIG. 35 (C) is a cross-sectional view along a cross-sectional
line corresponding to cross-sectional line XXXIII-XXXIII
shown in FIG. 30.

FIGS. 36 (A) to (C) are cross-sectional views showing a
step performed after the step shown in FIG. 35 in the fourth
embodiment, wherein FIG. 36 (A) is a cross-sectional view
along a cross-sectional line corresponding to cross-sectional
line XXXI-XXXI shown in FIG. 30, FIG. 36 (B) is a cross-
sectional view along a cross-sectional line corresponding to
cross-sectional line XXXII-XXXII shown in FIG. 30, and
FIG. 36 (C) is a cross-sectional view along a cross-sectional
line corresponding to cross-sectional line XXXIII-XXXIII
shown in FIG. 30.

FIGS. 37 (A) to (C) are cross-sectional views showing a
step performed after the step shown in FIG. 36 in the fourth
embodiment, wherein FIG. 37 (A) is a cross-sectional view
along a cross-sectional line corresponding to cross-sectional
line XXXI-XXXI shown in FIG. 30, FIG. 37 (B) is a cross-
sectional view along a cross-sectional line corresponding to
cross-sectional line XXXII-XXXII shown in FIG. 30, and
FIG. 37 (C) is a cross-sectional view along a cross-sectional
line corresponding to cross-sectional line XXXIII-XXXIII
shown in FIG. 30.

FIGS. 38 (A) to (C) are cross-sectional views showing a
step performed after the step shown in FIG. 37 in the fourth
embodiment, wherein FIG. 38 (A) is a cross-sectional view
along a cross-sectional line corresponding to cross-sectional
line XXXI-XXXI shown in FIG. 30, FIG. 38 (B) is a cross-
sectional view along a cross-sectional line corresponding to
cross-sectional line XXXII-XXXII shown in FIG. 30, and
FIG. 38 (C) is a cross-sectional view along a cross-sectional
line corresponding to cross-sectional line XXXIII-XXXIII
shown in FIG. 30.

FIGS. 39 (A) to (C) are cross-sectional views showing a
step performed after the step shown in FIG. 38 in the fourth
embodiment, wherein FIG. 39 (A) is a cross-sectional view
along a cross-sectional line corresponding to cross-sectional
line XXXI-XXXI shown in FIG. 30, FIG. 39 (B) is a cross-
sectional view along a cross-sectional line corresponding to
cross-sectional line XXXII-XXXII shown in FIG. 30, and
FIG. 39 (C) is a cross-sectional view along a cross-sectional
line corresponding to cross-sectional line XXXIII-XXXIII
shown in FIG. 30.

FIG. 40 is a plan view of a semiconductor device according
to a fifth embodiment of the present invention.

FIG. 41 is a cross-sectional view along a cross-sectional
line XLI-XL1I shown in FIG. 40 in the fifth embodiment.

FIG. 42 is a cross-sectional view along a cross-sectional
line XLII-XLII shown in FIG. 40 in the fifth embodiment.

FIG. 43 is a cross-sectional view along a cross-sectional
line XLII-XLIII shown in FIG. 40 in the fifth embodiment.

FIG. 44 is a plan view of a semiconductor device according
to a sixth embodiment of the present invention.

FIG. 45 is a cross-sectional view along a cross-sectional
line XLV-XLV shown in FIG. 44 in the sixth embodiment.
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FIG. 46 is a cross-sectional view along a cross-sectional
line XILVI-XLVI shown in FIG. 44 in the sixth embodiment.

FIG. 47 is a cross-sectional view along a cross-sectional
line XLVII-XLVII shown in FIG. 44 in the sixth embodiment.

FIG. 48 is a plan view of a semiconductor device according
to a seventh embodiment of the present invention.

FIG. 49 is a cross-sectional view along a cross-sectional
line XLIX-XLIX shown in FIG. 48 in the seventh embodi-
ment.

FIG. 50 is a plan view of a semiconductor device according
to an eighth embodiment of the present invention.

FIG. 51 is a cross-sectional view along a cross-sectional
line LI-LI shown in FIG. 50 in the eighth embodiment.

FIG. 52 is a cross-sectional view along a cross-sectional
line LII-LII shown in FIG. 50 in the eighth embodiment.

FIG. 53 is a cross-sectional view along a cross-sectional
line LIII-LIII shown in FIG. 50 in the eighth embodiment.

DESCRIPTION OF EMBODIMENTS

Semiconductor devices applied to ICs for controlling
power supplies and the like exist in forms that control a
plurality of different voltages. As shown in FIG. 1, this type of
semiconductor device has a circuit in which N channel-type
field effect transistor TNH having a high breakdown voltage
that controls a relatively high voltage and an N channel-type
field effect transistor TNL having a high breakdown voltage
that controls arelatively low voltage are connected in series to
each other.

In the N channel-type field effect transistor that controls a
high voltage (high-side field effect transistor), an N type well
is formed to electrically isolate a source region from the
semiconductor substrate. An N type well is not formed, on the
other hand, in the N channel-type field effect transistor that
controls a low voltage (low-side field effect transistor).

Hereinafter, semiconductor devices with high-side field
effect transistors will be described in first to fourth embodi-
ments, and semiconductor devices with low-side field effect
transistors will be described in fifth to eighth embodiments.

First Embodiment

A first example of a semiconductor device with a high-side
field effect transistor will be described herein. As shown in
FIGS. 2, 3, 4 and 5, isolation regions BRU, BRS that define
device-forming regions for forming a source region and a
drain region, respectively, are formed in prescribed regions in
a P type semiconductor substrate SUB. Isolation regions
BRU, BRS are each formed of'a LOCOS (Local Oxidation of
Silicon) oxide film, for example.

An N type well NW having a relatively low impurity con-
centration (approximately 1x10'%cm?) is formed in a region
of semiconductor substrate SUB surrounded by isolation
region BRS, over a prescribed depth from a surface thereof. In
a portion of N type well NW lying between isolation region
BRS and isolation region BRU, an N type drain region ND
having a relatively high impurity concentration (approxi-
mately 3x10'%cm> to 6x10'%cm?®) is formed over a pre-
scribed depth from a surface of the N type well to be sur-
rounded by N type well NW on side and lower portions.

Ina portion of N type well NW situated inward of isolation
region BRU, a P type well PW serving as a back gate region,
having a prescribed impurity concentration (approximately
3x10'7/cm?), is formed over a prescribed depth from the
surface of the N type well to be surrounded by N type well
NW on side and lower portions. An N type source region NS
having a relatively low impurity concentration (approxi-
mately 1x10*%/cm?) is formed in P type well PW over a
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prescribed depth from a surface of the P type well to be
surrounded by P type well PW on side and lower portions.

An N+ type source region NNS having a relatively high
impurity concentration (approximately 1x10'%/cm?®) is
formed in a portion of N type source region NS over a pre-
scribed depth from a surface of the portion of N+ type source
region NS to be surrounded by the N type source region on
side and lower portions. A P+ type impurity region BCR
serving as a back gate contact region, having a relatively high
impurity concentration (approximately 1x10'°/cm®), is
formed in P type well PW over a prescribed depth from a
surface of P type well PW to be surrounded by P type well PW
on side and lower portions.

An N+ type drain region NND having a relatively high
impurity concentration (approximately 1x10'%cm?®) is
formed in a portion of N type drain region ND over a pre-
scribed depth from a surface of the portion of N type drain
region ND to be surrounded by N type drain region ND on
side and lower portions. On a portion of P type well PW and
a portion of N type well NW lying between N type source
region NS and N type drain region ND, a gate electrode G
formed with a gate insulating film GZ interposed therebe-
tween.

An interlayer insulating film OF is formed to cover gate
electrode G. Contact holes CHS, CHD, and CHB are formed
to penetrate through interlayer insulating film DF. A contact
plug CPS, which is electrically connected to N+ type source
region NNS, is formed within contact hole CHS. A contact
plug CPD, which is electrically connected to N+ type drain
region NND, is formed within contact hole CHD. A contact
plug CPB, which is electrically connected to P+ type impurity
region BCR, is formed within contact hole CHB.

On a surface of interlayer insulating film DF, a metal inter-
connect MLS electrically connected to contact plug CPS is
formed, and a metal interconnect MLD electrically connected
to contact plug CPD is also formed. A metal interconnect
MLB electrically connected to contact plug CPB is formed as
well.

As shown in FIG. 2, in this semiconductor device, N type
source regions NS and P type wells PW are arranged alter-
nately in a direction intersecting with (substantially orthogo-
nal to) a direction of current flow between N type source
region NS and N type drain region ND. Gate electrode G is
formed to surround alternately-formed N type source regions
NS and P type wells PW.

Furthermore, as shown in FIGS. 4 and 5, N type source
region NS is formed on a portion of P type well PW situated
directly below N+ type source region NNS, and not on a
portion of P type well PW situated directly below P+ type
impurity region BCR. P+ type impurity region BCR serving
as the back gate contact region, therefore, is in direct contact
with the portion of P type well PW.

Next, an exemplary method for manufacturing the semi-
conductor device described above will be described. First, as
shown in FIGS. 6 (A), (B) and (C), isolation regions BRU and
BRS that define device-forming regions for forming, for
example, a source region and a drain region, respectively, are
formed in prescribed regions in P type semiconductor sub-
strate SUB by the LOCOS method, for example.

Next, a photoresist (not shown) is formed to expose the
region of semiconductor substrate SUB surrounded by isola-
tion region BRS. Then, with the photoresist used as a mask,
phosphorus, for example, is implanted into the exposed
region of semiconductor substrate SUB at a prescribed
implanting energy, thereby forming N type well NW over a
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10
prescribed depth from the surface of semiconductor substrate
SUB, as shown in FIGS. 7 (A), (B) and (C). The photoresist is
subsequently removed.

Next, a photoresist (not shown) is formed to expose the
portion lying between isolation region BRS and isolation
region BRU. Then, with the photoresist used as a mask, phos-
phorus, for example, is implanted into the exposed portion of
N type well NW at a prescribed implanting energy, thereby
forming N type drain region ND over a prescribed depth from
the surface of N type well NW, as shown in FIGS. (A), (B) and
(C). The photoresist is subsequently removed.

Next, a photoresist (not shown) is formed to expose a
prescribed region in N type well NW surrounded by isolation
region BRU. Then, with the photoresist used as a mask,
boron, for example, is implanted into the prescribed exposed
region of N type well NW at a prescribed implanting energy,
thereby forming P type well PW as a back gate region over a
prescribed depth from the surface thereof, as shown in FIGS.
8 (A), (B) and (C). P type well PW is surrounded by N type
well NW on side and lower portions thereof, and therefore,
serves as a region electrically isolated from semiconductor
substrate SUB. The photoresist is subsequently removed.

Next, gate insulating film GZ (see FIG. 9) is formed on
surfaces of exposed N type well NW and the like, and a
conductive film (not shown) is formed on the gate insulating
film. Then, the conductive film is subjected to a prescribed
photolithography process and prescribed processing, thereby
forming gate electrode G on the portion of N type well NW
and the portion of P type well PW lying between P type well
PW and N type drain region ND, with gate insulating film GZ
interposed therebetween.

Next, as shown in FIGS. 10 (A), (B)and (C), photoresist
PM is formed to cover a region on which P+ type impurity
region BCR (see FIG. 4) is to be formed, and expose a region
on which N+ type source region NNS (see FIG. 3) is to be
formed, of the exposed portion of P type well PW that is not
covered with gate electrode G. Then, with photoresist PM
used as a mask, phosphorus, for example, is implanted
obliquely at an inclined angle of about 45° with respect to the
surface of semiconductor substrate SUB, thereby forming N
type source region NS over a prescribed depth from the sur-
face of exposed P type well PW. Photoresist PM is subse-
quently removed.

Next, an insulating film (not shown) made of silicon oxide,
example, formed to cover gate electrode G; subsequently,
anisotropic etching is applied to the entire surface of the
insulating film, thereby forming an insulating film spacer SS
on a side wall of gate electrode G, as shown in FIGS. 11 (A),
(B) and (C). A photoresist (not shown) is then formed to cover
the region on which P+ type impurity region BCR (see FIG. 4)
is to be formed, and expose the region on which N+ type
source region NNS (see FIG. 4) is to be formed.

Then, with the photoresist and gate electrode C) used as
masks, arsenic is implanted at a prescribed implanting energy,
thereby forming N+ type source region NNS in N type source
region NS over a prescribed depth from the surface of N type
source region NS to be surrounded by N type source region
NS on side and lower portions. N+ type drain region NND is
formed in N type drain region ND over a prescribed depth
from a surface thereof. The photoresist is subsequently
removed.

A photoresist (not shown) is then formed to expose the
region on which P+ type impurity region BCR (see FIG. 4) is
to be formed, and cover the region on which N+ type source
region NNS (see FIG. 4) is to be formed. Then, with the
photoresist used as a mask, boron is implanted at a prescribed
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implanting energy, thereby forming P+ type impurity region
BCR as a back gate contact region. The photoresist is subse-
quently removed.

Next, as shown in FIGS. 12 (A), (B) and (C), interlayer
insulating film DF is formed to cover gate electrode G and the
like. Contact holes CHS, CHD and CHB (see FIG. 12) that
expose N+ type source region NNS, N+ type drain region
NND, and P+ type impurity region BCR, respectively, are
then formed on interlayer insulating film DF. Then, contact
plug CPS, which is electrically connected to N+ type source
region NNS, is formed within contact hole CHS that exposes
N+ type source region NNS. Contact plug CPD, which is
electrically connected to N+ type drain region NND, is
formed within contact hole CHD that exposes N+ type drain
region NND. Contact plug CPB, which is electrically con-
nected to P+ type impurity region BCR, is formed within
contact hole CHB that exposes N+ type impurity region BCR.

Next, a prescribed conductive film (not shown) is formed
on a surface of interlayer insulating film DF. Then, the con-
ductive film is subjected to a prescribed photoengraving pro-
cess and prescribed processing, thereby forming a metal
interconnect MLS electrically connected to contact plug CPS
or a metal interconnect MLD electrically connected to con-
tact plug CPD. A metal interconnect MLB electrically con-
nected to contact plug CPB is formed as well. In this way,
principal portions of the semiconductor device are formed.

In a semiconductor device with a field effect transistor
having a high breakdown voltage, a logic circuit and the like
are also formed in addition to the field effect transistor having
a high breakdown voltage, on the same semiconductor sub-
strate. For this reason, the steps of ion implantation and the
like, for example, are performed simultaneously with the ion
implantation step of forming a device such as a logic circuit.

In the semiconductor device with a field effect transistor
having a high breakdown voltage described above, N type
source region NS is formed only on a region directly below
N+ type source region NNS, and not on a region directly
below P+ type impurity region BCR. Thus, P+ type impurity
region BCR serving as the back gate contact region is in direct
contact with P type well PW serving as the back gate region.
This suppresses operation of a parasitic bipolar transistor,
which allows prevention of junction destruction in the field
effect transistor having a high breakdown voltage. This will
be explained with a semiconductor device according to a
comparative example.

The semiconductor device according to the comparative
example has the same structure as that of the semiconductor
device shown in FIG. 1 and the like, except that an N type
source region (HNS) is formed on both a region directly
below N+ type impurity region (NNS) and a region directly
below P+ type impurity region (BCR).

As shown in FIGS. 13, 14, 15 and 16, in the semiconductor
device according to the comparative example, an N type well
JNW is formed in a prescribed region in a P type semicon-
ductor substrate JSUB over a prescribed depth from a surface
thereof. An N type drain region JND and a P type well JPW
are formed in respective prescribed regions in N type well
JNW over a prescribed depth from a surface thereof. An N
type source region JNS is formed in P type well JPW over a
prescribed depth from a surface thereof.

An N+type source region JNNS is formed in a portion of N
type source region NS over a prescribed depth from a surface
thereof. Moreover, a P+ type impurity region JBCR serving as
a back gate contact region is formed in P type well JPW.
Furthermore, an N+ type drain region JNND is formed in a
portion of N type drain region JND over a prescribed depth
from a surface thereof. A gate electrode JG is formed on a
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portion of P type well JPW and a portion of N type well INW
lying between N type source region JNS and N type drain
region JND.

N+ type source region JNNS is electrically connected to a
metal interconnect IMLS through a plug JCPS, N+ type drain
region JNND is electrically connected to a metal interconnect
JMLD through a plug JCPD, and P+ type impurity region
JBCR is electrically connected to a metal interconnect
through a plug JCPB.

In the semiconductor device according to the comparative
example, in an ion implantation step of forming N type source
region JNS for providing measures against hot carriers and
the like, ions are also implanted into the region situated
directly below P+ type impurity region JBCR, such that N
type source region JNS is formed to surround P+ type impu-
rity region JBCR, in order to ensure a gate width as a field
effect transistor having a high breakdown voltage. As shown
in FIG. 17, although the impurity concentration of N type
source region JNS is lower than that of the P+ type impurity
region, N type source region JNS is positioned as a high
resistance region between P type impurity region JBCR serv-
ing as a back gate contact region and P+ type well JPW
serving as a back gate region.

Thus, even if a voltage of OV is applied to P+ type impurity
region JBCR in an attempt to fix the potential of P type well
PW to 0 V, the potential of P type well PW may float. As
shown in FIG. 18, if the potential of P-type well PW floats, a
parasitic bipolar transistor may operate in which N type
source region NS serves as an emitter, P+ type impurity
region BCR as a base, and N type drain region ND as a
collector.

That is, as shown in FIG. 19, when the voltage applied to
the drain electrode is increased while a prescribed voltage is
applied to gate electrode G of the field effect transistor, the
parasitic bipolar transistor operates at the point of time when
a certain voltage value has exceeded, causing a sharp increase
in the drain current. This may result in junction destruction in
the field effect transistor.

Inthe semiconductor device described above as opposed to
the semiconductor device according to the comparative
example, N type source region NS is formed only on the
region directly below N+ type source region NNS, and not on
the region directly below P+ type impurity region BCR. P+
type impurity region BCR serving as the back gate contact
region, therefore, is in direct contact with P type well PW
serving as the back gate region. Thus, when a voltage of 0V
is applied to P+ type impurity region BCR, the potential of P
type well PW is reliably fixed to 0 V without floating. This
prevents operation of the parasitic bipolar transistor, as shown
in FIG. 20, allowing a sharp increase in the drain current to be
suppressed. Consequently, junction destruction in the field
effect transistor having a high breakdown voltage can be
prevented.

Furthermore, since N type source region NS is formed by
the oblique ion implantation, N type source region NS can be
widened in the gate width direction to ensure a length over
which N type source region NS and N type drain region ND
are opposed to each other, as shown in FIGS. 2 and 4. Con-
sequently, deterioration of the current driving capability as a
field effect transistor can be suppressed.

Second Embodiment

A second example of a semiconductor device with a high-
side field effect transistor will be described herein. As shown
in FIGS. 21, 22, 23, and 24, P+ type impurity regions BCR
serving as back gate contact regions are formed in P type well
PW at a distance from one another in a direction (longitudinal
direction) intersecting with (substantially orthogonal to) a
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direction of current flow. N+ type source region NNS is
formed to surround P+ type impurity regions BCR in a planar
manner. The “planar manner” means in a layout (two-dimen-
sionally). N type source region NS is formed on a region
situated directly below N+ type source region NNS, and not
on a region situated directly below P+ type impurity region
BCR. Since the semiconductor device is otherwise the same
in structure as the semiconductor device shown in FIGS. 2, 3,
4, and 5, identical components are denoted by identical ref-
erence characters, and the description thereof will not be
repeated.

A method for manufacturing the semiconductor device
will be described next. The above-described semiconductor
device can be manufactured by basically the same steps as
those for the semiconductor device according to the first
embodiment, just by changing the arrangement pattern of P+
type impurity regions BCR. That is, N type source region NS,
N+ type source region NNS, and P+ type impurity region
BCR shown in FIGS. 21, 22, 23, and 24 are formed by
performing the steps corresponding to those shown in FIGS.
10 (A), (B), and (C), and the steps corresponding to those
shown in FIGS. 11 (A), (B), and (C).

In the semiconductor device described above, since P+
type impurity region BCR is formed in direct contact with P
type well PW, the following effect can be achieved in addition
to the effect of suppressing operation of the parasitic bipolar
transistor.

Specifically, in the semiconductor device described above,
N+ type source region NNS is formed to surround P+ type
impurity region BCR on side portions thereof, and N type
source region NS is formed directly below N+ type source
region NNS. This results in an increased length over which N
type source region NS and N type drain region ND are
opposed to each other, as compared to that in the semicon-
ductor device according to the first embodiment. Conse-
quently, the current driving capability as a field effect tran-
sistor can be further enhanced.

Third Embodiment

A third example of a semiconductor device with a high-
side field effect transistor will be described herein. As shown
in FIGS. 25 and 26, N+ type source region NNS is formed in
P type well PW to surround P+ type impurity region BCR
serving as a back gate contact region, and isolation region
BRN is formed between P+ type impurity region BCR and N+
type source region NNS. N type source region NS is formed
on a region situated directly below type source region NNS,
and not on a region situated directly below P+ type impurity
region BCR. Since the semiconductor device is otherwise the
same in structure as the semiconductor device shown in FIGS.
2,3, 4, and 5, identical components are denoted by identical
reference characters, and the description thereof will not be
repeated.

A method for manufacturing the semiconductor device
will be described next. The above-described semiconductor
device can be manufactured by basically the same steps as
those for the semiconductor device according to the first
embodiment, just by changing the arrangement pattern of
isolation regions.

First, as shown in FIG. 27, isolation regions BRU, BRS,
and BRN corresponding to those on the plane pattern shown
in FIG. 25 are formed in respective prescribed regions in P
type semiconductor substrate SUB. Next, N type source
region NS, N+ type source region NNS, P+ type impurity
region BCR, and the like are formed, as shown in FIG. 28, by
performing the steps corresponding to those shown in FIGS.
7 (A), (B), and (C) to the steps corresponding to those shown
in FIGS. 11 (A), (B), and (O).
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Then, by performing the steps corresponding to those
shown in FIGS. 12 (A), (B), and (C), metal interconnect MLLS
electrically connected to N+ type source region NNS through
contact plug CPS, metal interconnect MLD electrically con-
nected to N+ type drain region NND through contact plug
CPD, and metal interconnect MLB electrically connected to
P+ type impurity region BCR through contact plug CPB are
each formed, as shown in FIG. 29.

In the semiconductor device described above, since P+
type impurity region BCR is formed in direct contact with P
type well PW, the following effect can be achieved in addition
to the effect of suppressing operation of the parasitic bipolar
transistor.

Specifically, in the semiconductor device described above,
isolation region BRN is formed between P+ type impurity
region BCR and N+ type source region NNS. This allows P+
type impurity region BCR and N+ type source region NNS to
be electrically isolated from each other, which also enables
use in applications where, for example, the voltage (source
potential) applied to N+ type source region NNS is allowed to
float to a certain level with respect to the voltage (back gate
potential) applied to P+ type impurity region BCR.

Fourth Embodiment

A fourth example of a semiconductor device with a high-
side field effect transistor will be described herein. As shown
in FIGS. 30, 31, 32, and 33, N type source region NS is
formed to surround N+ type source region NNS on side and
lower portions. Additionally, a P+ type contact implanted
region PSAC is formed as a projection that penetrates through
N type source region NS to reach P type well PW from N+
type source region NNS. Since the semiconductor device is
otherwise the same in structure as the semiconductor device
shown in FIGS. 2, 3, 4, and 5, identical components are
denoted by identical reference characters, and the description
thereof will not be repeated.

A method for manufacturing the semiconductor device
will be described next. First, gate electrode G is formed as
shown in FIGS. 34 (A), (B), and (C), by performing the steps
corresponding to those shown in FIGS. 6 (A), (B), and (C) the
steps corresponding to those shown in FIGS. 9 (A), (B), and
(C). Next, a photoresist (not shown) is formed to expose a
region on which P+ type impurity region BCR (see FIG. 33)
is to be formed and a region on which N+ type source region
NNS (see FIG. 33) is to be formed, of an exposed portion of
P type well PW that is not covered with gate electrode G.

Then, with the photoresist used as a mask, phosphorus, for
example, is implanted obliquely at an inclined angle of about
45°with respect to a surface of semiconductor substrate SUB,
thereby forming N type source region NS over a prescribed
depth from a surface of exposed P type well PW, as shown in
FIGS. 35 (A), (B), and (C). The photoresist is subsequently
removed. Next, an insulating film spacer SS is formed on a
side wall of gate electrode G, as shown in FIGS. 36 (A), (B),
and (C), by performing the steps corresponding to those
shown in FIGS. 11 (A), (B), and (C). Additionally, N+ type
source region NNS and P+ type impurity region BCR are each
formed in N type source region NS over a prescribed depth
from a surface thereof. N+ type drain region NND is also
formed in N type drain region ND over a prescribed depth
from a surface thereof.

Next, as shown in FIGS. 37 (A), (B) and (C), interlayer
insulating film DP is formed on semiconductor substrate SUB
to cover gate electrode G and the like. Contact holes CHS,
CHD and CHB that expose N+ type source region NNS, N+
type drain region NND, and P+ type impurity region BCR,
respectively, are then formed on interlayer insulating film DF.
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Then, as shown in FIGS. 38 (A), (B), and (C), other contact
holes CHS and CHD are covered with a photoresist PMS
while leaving contact hole CHB that exposes P+ type impu-
rity region BCR. Next, with photoresist PMS used as a mask,
boron is implanted at a prescribed energy into P+ type impu-
rity region BCR through contact hole CHB, thereby forming
P+ type contact implanted region PSAC that reaches P type
well PW from P+ type impurity region BCR. P+ type contact
implanted region PSAC has an impurity concentration of
approximately 5x10"%/cm?.

Then, by performing the steps corresponding to those
shown in FIGS. 12 (A), (B), and (C), metal interconnect MLS
electrically connected to N+ type source region NNS through
contact plug CPS, metal interconnect MLD electrically con-
nected to N+ type drain region NND through contact plug
CPD, and metal interconnect MLB electrically connected to
P+ type impurity region BCR through contact plug CPB are
each formed, as shown in FIGS. 39 (A), (B), and (C).

In the semiconductor device described above, since N type
impurity region BCR is electrically connected to P type well
PW through P+ type contact implanted region PSAC, the
following effect can be achieved in addition to the effect of
suppressing operation of the parasitic bipolar transistor.

Specifically, in the semiconductor device described above,
N type source region NS is formed on the side and lower
portions of P+ type impurity region BCR, except for the
portion where P+ type contact implanted region PSAC is
positioned. This results in an increased length over which N
type source region NS and N type drain region ND are
opposed to each other, as compared to that in the semicon-
ductor device described in the first embodiment. Conse-
quently, the current driving capability of the field effect tran-
sistor can be further enhanced.

Fifth Embodiment

A first example of a semiconductor device with a low-side
field effect transistor will be described herein. As shown in
FIGS. 40, 41, 42, and 43, since the semiconductor device
according to this embodiment is the same in structure as that
shown in FIGS. 2, 3,4, and 5, except that N type well NW (see
FIG. 2 and the like) is not formed, identical components are
denoted by identical reference characters, and the description
thereof will not be repeated.

A method for manufacturing the semiconductor device
described above will be described next. The above-described
semiconductor device is manufactured without performing
the step of forming N type well NW, of a series of the manu-
facturing steps described in the first embodiment. That is, the
semiconductor device is manufactured by performing the
steps shown in FIGS. 6 (A), (B), and (C), and then performing
the steps shown in FIGS. 8 (A), (B), and (C) to the steps
shown in FIGS. 12 (A), (B), and (C).

In the semiconductor device described above, P+ type
impurity region BCR is formed in direct contact with P type
well PW, and P type well PW, in turn, is in direct contact with
P type semiconductor substrate SUB, so that the potential of
P type well PW is stabilized, which allows operation of a
parasitic bipolar transistor to be suppressed. The structure of
this semiconductor device is particularly advantageous where
it is not necessary to electrically isolate P type well PW from
semiconductor substrate SUB.

Sixth Embodiment

A second example of a semiconductor device with a low-
side field effect transistor will be described herein. As shown
in FIGS. 44, 45, 46, and 47, since the semiconductor device
according to this embodiment is the same in structure as that
shown in FIGS. 21, 22, 23, and 24, except that N type well
NW (see FIG. 1 and the like) is not formed, identical compo-
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nents are denoted by identical reference characters, and the
description thereof will not be repeated.

A method for manufacturing the semiconductor device
described above will be described next. The above-described
semiconductor device is manufactured without performing
the step of forming N type well NW, of the manufacturing
steps described in the second embodiment.

In the semiconductor device described above, P+ type
impurity region BCR is formed in direct contact with P type
well PW, and P type well PW, in turn, is in direct contact with
P type semiconductor substrate SUB, so that the potential of
P type well PW is stabilized, which allows operation of a
parasitic bipolar transistor to be suppressed.

Moreover, as described in the second embodiment, N+
type source region NNS is formed to surround P+ type impu-
rity region BCR on side portions thereof, and N type source
region NS is formed directly below N+ type source region
NNS. This results in an increased length over which N type
source region NS and N type drain region ND are opposed to
each other, as compared to that in the semiconductor device
according to the fifth embodiment. Consequently, the current
driving capability as a field effect transistor can be further
enhanced. The structure of this semiconductor device is par-
ticularly advantageous where it is not necessary to electrically
isolate P type well PW from semiconductor substrate SUB.

Seventh Embodiment

A third example of a semiconductor device with a low-side
field effect transistor will be described herein. As shown in
FIGS. 48 and 49, since the semiconductor device according to
this embodiment is the same in structure as that shown in
FIGS. 25 and 26, except that N type well NW (see FIG. 1 and
the like) is not formed, identical components are denoted by
identical reference characters, and the description thereof
will not be repeated.

A method for manufacturing the semiconductor device
described above will be described next. The above-described
semiconductor device is manufactured without performing
the step of forming N type well NW, of a series of the manu-
facturing steps described in the third embodiment.

In the semiconductor device described above, P+ type
impurity region BCR is formed in direct contact with P type
well PW, and P type well PW, in turn, is in direct contact with
P type semiconductor substrate SUB, so that the potential of
P type well PW is stabilized, which allows operation of a
parasitic bipolar transistor to be suppressed.

Moreover, as described in the third embodiment, in the
above-described semiconductor device, isolation region
BRN is formed between P+ type impurity region BCR and N+
type source region NNS. This allows P+ type impurity region
BCR and N+ type source region NNS to be electrically iso-
lated from each other, which also enables use in applications
where, for example, the voltage (source potential) applied to
N+ type source region NNS is allowed to float to a certain
level with respect to the voltage (back gate potential) applied
to P+ type impurity region BCR.

Eighth Embodiment

A fourth example of a semiconductor device with a low-
side field effect transistor will be described herein. As shown
in FIGS. 50, 51, 52 and 53, since the semiconductor device
according to this embodiment is the same in structure as that
shown in FIGS. 30,31, 32 and 33, except that N type well NW
(see FIG. 2 and the like) is not formed, identical components
are denoted by identical reference characters, and the descrip-
tion thereof will not be repeated.

A method for manufacturing the semiconductor device
described above will be described next. The above-described
semiconductor device is manufactured without performing
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the step of forming N type well NW, of a series of the manu-
facturing steps described in the fourth embodiment.

In the semiconductor device described above, P+ type
impurity region BCR is formed in direct contact with P type
well PW, and P type well PW, in turn, is in direct contact with
P type semiconductor substrate SUB, so that the potential of
P type well PW is stabilized, which allows operation of a
parasitic bipolar transistor to be suppressed.

Furthermore, as described in the fourth embodiment, in the
above-described semiconductor device, N type source region
NS is formed on side and lower portions of P+ type impurity
region BCR, except for the portion where P+ type contact
implanted region PSAC is positioned. This results in an
increased length over which N type source region NS and N
type drain region ND are opposed to each other, as compared
to that in the semiconductor device described in the first
embodiment. Consequently, the current driving capability of
the field effect transistor can be further enhanced.

While each of the foregoing embodiments has individually
described high-side N type field effect transistors with high
breakdown voltages and low-side N type field effect transis-
tors with high breakdown voltages, a semiconductor device
may include a high-side N type field effect transistor having a
high breakdown voltage and a low-side N type field effect
transistor having a high breakdown voltage mounted on the
same Substrate. An isolation region rimy also be a trench
isolation insulating film, instead of an insulating film formed
by the LOCOS method.

The embodiments disclosed herein are illustrative and not
restrictive. The scope of the present invention is defined by
the terms of the claims, rather than by the foregoing descrip-
tion, and is intended to include any modifications within the
scope and meaning equivalent to the terms of the claims.

INDUSTRIAL APPLICABILITY

The present invention is effectively used as a semiconduc-
tor device with a field effect transistor having a high break-
down voltage for controlling a power supply, for example.

REFERENCE SIGNS LIST

SUB: semiconductor substrate; BRU: isolation region;
BRS: isolation region; BRN: isolation region; NW: N type
well; ND: N type drain region; PW: P type well; GZ: gate
insulating film; G: gate electrode; NS: N type source region;
SS: insulating film spacer; NND: N+ type drain region; NNS:
N+ type source region; BCR: type impurity region; CPS:
contact plug; CPD: contact plug; CPB: contact plug; PSAC:
P+ type contact implanted region, DF: interlayer insulating
film; CHS: contact hole; CHD: contact hole; CHB: contact
hole; MLS: metal interconnect; MLD: metal interconnect;
MLB: metal interconnect; TNH: field effect transistor; TNL:
field effect transistor; PM: photoresist mask; PMS: photore-
sist mask.
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The invention claimed is:

1. A semiconductor device comprising:

a semiconductor substrate of a first conductivity type hav-
ing a main surface;

a first impurity region of the first conductivity type formed
over a prescribed depth from said main surface of said
semiconductor substrate, and having a first impurity
concentration;

a second impurity region of a second conductivity type
formed over a prescribed depth from a surface of said
first impurity region to be surrounded by said first impu-
rity region on side and lower portions, and having a
second impurity concentration;

a third impurity region of the second conductivity type
formed over a prescribed depth from a surface of said
second impurity region to be surrounded by said second
impurity region on side and lower portions, and having a
third impurity concentration higher than said second
impurity concentration;

a fourth impurity region of the first conductivity type
formed over a prescribed depth from the surface of said
first impurity region to be surrounded by said first impu-
rity region on side and lower portions, and having a
fourth impurity concentration higher than said first
impurity concentration;

an isolation region formed between said third impurity
region and said fourth impurity region to electrically
isolate said third impurity region and said fourth impu-
rity region from each other;

a fifth impurity region of the second conductivity type
formed over a prescribed depth from said main surface
of said semiconductor substrate at a distance from said
first impurity region, and having a fifth impurity concen-
tration;

a seventh impurity region of the second conductivity type
formed over a prescribed depth from a surface of the fifth
impurity region and surrounded by the fifth impurity
region on side and lower portions, and having a seventh
impurity concentration higher than the fifth impurity
concentration; and

an electrode portion formed on a region lying between said
second impurity region and said fifth impurity region.

2. The semiconductor device according to claim 1, com-

prising:

a sixth impurity region of the second conductivity type
formed over a prescribed depth from said main surface
of said semiconductor substrate to surround said first
impurity region and said fifth impurity region on side
and lower portions.

3. The semiconductor device according to claim 1, wherein

the seventh impurity region is a drain region, and the third
impurity region is a source region.
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